
(19) United States 
US 20080273771 A1 

(12) Patent Application Publication (10) Pub. No.: US 2008/0273771 A1 
Hsieh et al. (43) Pub. Date: Nov. 6, 2008 

(54) APPARATUS FOR CAPTURING A HIGH 
QUALITY IMAGE OF A MOIST FINGER 

(76) Inventors: Ming Hsieh, South Pasadena, CA 
(US); Ankuo Wang, Santa Ana, CA 
(US); Fei Zhou, Shenzhen (CN); 
Wheshi Chen, Shenzhen (CN) 

Correspondence Address: 
CHRISTIE, PARKER & HALE, LLP 
PO BOX 7O68 
PASADENA, CA 91109–7068 (US) 

(21) Appl. No.: 12/105,212 

(22) Filed: Apr. 17, 2008 

Related U.S. Application Data 

(60) Provisional application No. 60/915,363, filed on May 
1, 2007. 

l \ finger 

Publication Classification 

(51) Int. Cl. 
G06K 9/00 (2006.01) 

(52) U.S. Cl. ........................................................ 382/127 
(57) ABSTRACT 

An apparatus for capturing the image of a wet/moist finger 
print. The apparatus includes: a prism having an imaging 
plane on which a finger having Valleys and ridges is place, a 
bottom plane parallel to the imaging plane and a reflective 
plane intercepting the imaging plane and intercepting the 
bottom plane at an angle C.; a light source for generating a 
light with an incident angle of approximately 0° with respect 
to a surface normal of the imaging plane; and a lens for 
capturing light reflected from the reflective plane. The appa 
ratus further includes an image sensor for generating an 
image of the valleys and ridges of the finger, wherein the 
reflective plane is arranged in Such away to meet the equation 
of CD45 +(a sin(n/n))/2, where n is a refraction index of 
medium filled between the valleys of the finger and the imag 
ing plane, and n is refraction index of the prism. 
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FIG. 3 
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APPARATUS FOR CAPTURINGA HIGH 
QUALITY IMAGE OF A MOIST FINGER 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

0001. This Patent Application claims the benefit of the 
filing date of U.S. Provisional Patent Application Ser. No. 
60/915.363, filed on May 1, 2007 and entitled “Apparatus For 
Capturing A High Quality Image Of A Moisten Finger, the 
entire content of which is hereby expressly incorporated by 
reference. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to finger 
print Scanners, and more particularly to an apparatus for 
capturing a high quality image of a moist finger. 

BACKGROUND 

0003 Typically, fingerprint capturing devices (readers) do 
not produce a good quality image when the finger being 
imaged is wet or has moisture on it. This is due to fingerprint 
image artifacts that lead to a degradation of the captured 
image. Typically the artifacts due to a moist finger result in 
bridging in the image between adjacent ridges R of a moist 
finger. 
0004 FIG. 1 shows a conventional fingerprint image cap 
turing device. As shown in FIG. 1, the finger 1 is placed on the 
upper Surface 2 of an optically transparent prism3 (a glass, or 
plastic platen). The finger 1 is illuminated by a light Source 
(not shown) positioned below the prism 3. The light 5 from 
the light source is incident on the finger Surface placed on the 
prism 3 at an angle of incidenced. The reflected light from 
the prism 3 is then detected by a light detector (not shown). 
The aperture of the lens establishes the detection of the 
reflected light rays 4. In other words, the angle between the 
optical axis of the light detector and the line perpendicular to 
the prism surface 2 decides which light rays reach the detector 
(observation angle). 
0005. The angle of incidence that provides an angle of 
refraction of 90-degrees is known as the critical angle. Light 
will undergo total internal reflection for any angle of inci 
dence greater than the critical angle. The components of the 
fingerprint imaging system are typically arranged in Such a 
way that the angle of observation is greater than the critical 
angle for the interface between the prism and the air between 
the finger and the prism. The illumination Source is also 
positioned in Such a way that the generated light rays include 
a range of incidence angles including the angle of observa 
tion. From Snell law, the angle of incidence is equal to the 
angle of reflectance dor, the range of angles of reflectance also 
includes the angle of observation. 
0006 Typically, the value of the critical angle at the inter 
face between two materials depends on the index of refraction 
of those materials, n and n. The index of refraction for air is 
approximately 1. The critical angle for the platenfair inter 
face, based on the actual index of refraction of the platen 
material, forms a lower bound on the angle of observation and 
a limit on the angles of incidence. As a result, the orientation 
of the illumination Source is also limited by the critical angle. 
Typically, the angle of observation is selected to be a bit larger 
than the critical angle. 
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0007. Therefore, there is a need for an improved apparatus 
for capturing a high quality image of a moist finger. 

SUMMARY 

0008. An apparatus for capturing the image of a wet/moist 
fingerprint. The apparatus includes: a prism having an imag 
ing plane on which a finger having Valleys and ridges is place, 
a bottom plane parallel to the imaging plane and a reflective 
plane intercepting the imaging plane and intercepting the 
bottom plane at an angle C.; a light source for generating a 
light with an incident angle of approximately 0° with respect 
to a surface normal of the imaging plane; and a lens for 
capturing light reflected from the reflective plane. The appa 
ratus further includes an image sensor for generating an 
image of the valleys and ridges of the finger, wherein the 
reflective plane is arranged in Such away to meet the equation 
of CD45+(a sin(n/n)/2, where n is a refraction index of 
medium filled between the valleys of the finger and the imag 
ing plane, and n is refraction index of the prism. 
0009. In some embodiments, C. is approximately in the 
rage of 73° to 80°. In one embodiment, n is approximately 
equal to 1.33 for water, and n is approximately equal to 1.76 
for the prism. In some embodiments, the value of a can be 
changed by tilting the reflective plane via a knob, screw, 
spring, or other similar adjustment means 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 shows a conventional fingerprint image cap 
turing device; 
0011 FIG. 2 shows an improved fingerprint image captur 
ing device, according to Some embodiments of the present 
invention; 
0012 FIG. 3 shows an exemplary compact fingerprint 
image capturing device depicting light reflected from ridges 
of a finger, according to some embodiment of the present 
invention; 
0013 FIG. 4 shows an exemplary compact fingerprint 
image capturing device depicting light reflected from Valleys 
of a finger, according to some embodiment of the present 
invention; and 
0014 FIG. 5 shows an exemplary prism with adjustable 
reflective plane, according to some embodiment of the 
present invention. 

DETAILED DESCRIPTION 

0015 The present invention is directed to an apparatus for 
capturing the image of a fingerprint. The invention is capable 
of producing high quality images in the presence of wet/moist 
fingers. The invention produces better contrast images of 
wet/moist fingers and is Substantially compact in size. 
0016 Typically the surface topography of any finger can 
be approximated by a series of ridges R7 and valleys V 6. The 
ridges touch the prism 3 and the valleys serve to form the 
boundaries of regions of air and/or moisture with the upper 
surface 2. The light 5 is totally internally reflected at those 
locations where air contacts the platen Surface (valley 
regions) when the angles of incidence and observation are 
properly chosen. As shown in FIG. 1, light ray 5 is totally 
internally reflected at the prism/air interface 2 with the angle 
of incidence greater than the critical angle. The reflected light 
is then focused by the lens (not show) onto an image detector/ 
sensor. As a result, the image of the valley regions is bright. 
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0017. In locations where the ridges 7 contact the prism, 
total internal reflection does not occur. Instead, what is 
termed “frustrated total internal reflection’ occurs. This is 
because the index of refraction of the finger is larger than that 
of air, so that the angle of incidence no longer corresponds to 
the critical angle for the relevant interface 2. As shown on the 
left side of FIG. 1, light incident on the surface of the glass at 
a location where a ridge R 7 is contacting the glass, the light 
is refracted through the prism/finger interface where it is 
partially absorbed and partially dispersed. In this case, a small 
fraction of the incident light is reflected back to the light 
detector at an angle of reflection dor equal to the angle of 
incidence di. As a result, the ridges R contribute a dark 
component to the image of the fingerprint. After detection, the 
fingerprint image can be permanently recorded for storage 
and/or further analysis. 
0018. In short, as shown in FIG. 1, a typical fingerprint 
image capturing apparatus is arranged in a way that the total 
internal reflection occurs at the valleys 6 of the finger 1. That 
is, the images of the valleys 6 are white, therefore, the back 
ground of the fingerprint image is also white. In this case, the 
angle of incidence doi is larger than the critical angle of the 
interface 2 between water/moisture and the prism. Such fin 
gerprint imaging apparatus is capable of capturing fingerprint 
images which are free of artifacts caused by moisture. 
0019. However, on the ridges, the incident lights are scat 
tered and there is a small fraction of lights that are focused by 
the lens onto the detector. This causes the images of the ridges 
not to be substantially black, that is, the contrasts of images 
produced by Such apparatus are diminished or restricted. 
0020 FIG. 2 shows an improved fingerprint image captur 
ing device depicting an exemplary arrangement of the com 
ponents of the image capturing apparatus of the present 
invention, according to some embodiments of the present 
invention. In one embodiment, an incident light 8 is illumi 
nated on the Surface (imaging plane) 2 of a prism 3, and the 
light is then scattered on the ridges 7 and valleys 6 of the 
finger 1, because of normal incident light. However, there is a 
substantial difference between angle distributions of the scat 
tered light occurring at ridges 7, and Valleys 6. As shown in 
FIG. 2, for lights scattered at valleys 6, when they meet the 
upper portion of surface 2 of prism, a refraction occurs, where 
the refraction angle d is Smaller than the critical angle of the 
interface of water/prism. The positions of lens, prism 3, and 
light source are properly arranged (with respect to each 
other), so that the angle of the collected light becomes lager 
than the critical angle of the interface of water/prism. Conse 
quently, the scattered light from the valleys 6 will not enter the 
imaging system in its entirety. However, some of the scattered 
light from the ridges 7 is still collected by the light detector. 
As a result, bright image of ridges 7 and totally dark images of 
Valleys 6 are obtained. That is, a sharper contrast image is 
obtained that is free of the artifacts caused by the presence of 
water, moisture, grease, or other contaminations. 
0021 Assuming that the refraction index of medium filled 
in the valley 6 is n (for example, n is 1.0 for air, and around 
1.33 for water), and the refraction index of the prism 3 is n, 
the incident light 8 is scattered in the valleys 6, and refraction 
occurs when the scattered light meet the interface of the 
medium filled in the valley and the prism. The refraction 
angle is determined by the Snell law: 

in sin d=m2 sin dB2 (1) 
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0022 where, d is the incident angle and d is the refrac 
tion angle. As explained above, the refraction angle is no 
larger than the critical angle do: 

do=a sin(n/n), when d=90°. (2) 

(0023 Therefore, the lens of the device of the present 
invention is aligned to collect only the light scattered from the 
ridges with a scattering angle de lager than the critical angle 
do. For example, a critical angle of do 49° is obtained using 
equation (2) by substituting n=1.33 for water, and n=1.76 
for a type offlint glass at wavelength w850 nm. 
0024 FIG. 3 shows an exemplary compact fingerprint 
image capturing device depicting light reflected from ridges 
of a finger, according to some embodiment of the present 
invention. In some embodiments, for a more compact and 
portable image capturing device, the light path can be folded 
by arranging the components of the device as shown in FIG. 
3. The prism may be made from, for example, a flint glass, 
plastic, or the like. As indicated above, the critical angle for a 
water/prism interface is 49°. The angle between optical axis 
and the Surface normal of imaging plane is appropriately 
chosen, for example, db =56, for ensuring that the exit angle 
of all the scattered light from the effective window collected 
by the lens is larger than the critical angle (dbo 49). This way, 
when light source 12 illuminates on the imaging plane 2 of the 
prism3, the scattered light from ridges meet the bottom plane 
11 of the prism 3. The incident angle of the scattered light is 
larger than the critical angle of the air/glass (no moister 
between the ridges and the imaging plane) interface, which is 
34.6° (based on equation 2) in this exemplary embodiment. 
0025. This results in a total internal reflection, because the 
critical angle and the arrangement of the lens and the light 
Source are considered with respect to water (moisture). 
(0026. The reflected lights then meet the reflective plane 10 
of the prism 3 and are reflected into a lens 14 through the 
backend 13 of the prism. In one embodiment, the angle 
between bottom plane 11 and the reflective plane 10 of the 
prism 2 is C. 45°--db/2=73°. Once leaving the lens 14, the 
light is folded again by a folding mirror 15 to reduce the 
height of the device. Finally, the light is reflected onto an 
image sensor 16 and bright images of ridges are detected. In 
one embodiment, C. is approximately in the rage of 73° to 80°. 
0027 FIG. 4 shows an exemplary compact fingerprint 
image capturing device depicting light reflected from Valleys 
of a finger, according to some embodiment of the present 
invention. As shown in FIG.4, for a light scattered in a valley 
and refracted into prism 3, no total internal reflection occurs, 
that is, most part of the energy is refracted out of the prism and 
only a small fraction is reflected into prism again. This is 
because when the light meets the bottom plane 11 of the prism 
3, there is no total internal reflection, because the incident 
angle is Smaller than the critical angle. Even if such stray 
lights reach the backend of the prism, they will be blocked by 
the aperture stop of the lens and aperture. Since the light 
scattered in the valleys can not reach the image sensor/light 
detector, total black images of valley are formed, resulting in 
a high contrast image. 
0028. In some embodiments, prism 3 including the imag 
ing plane 2, the reflective plane 10, and the bottom plane 11 
are molded in a single prism component. In some embodi 
ments, prism 3 can be made into different shapes to fold the 
light path for a more compact device. 
0029 FIG. 5 shows an exemplary prism with adjustable 
reflective plane, according to some embodiments of the 
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present invention. In these embodiments, the orientation of 
the reflection plane 10 and thus the angle C. is adjustable via a 
knob, screw, spring, or other adjustment means 20 or 21. This 
way, the adjustment means 20 tilts and thereby changes the 
orientation of the reflection plane 10 and thus the angle C. 
This in turn changes the incident angle, so that different 
contrasts for the ridges and Valleys may be captured by the 
image sensor 16 through lens 14. 
0030. It will be recognized by those skilled in the art that 
various modifications may be made to the illustrated and 
other embodiments of the invention described above, without 
departing from the broad inventive scope thereof. It will be 
understood therefore that the invention is not limited to the 
particular embodiments or arrangements disclosed, but is 
rather intended to cover any changes, adaptations or modifi 
cations which are within the scope of the invention, as defined 
by the appended claims. 

What is claimed is: 
1. A fingerprint image capturing apparatus comprising: 
a prism having an imaging plane on which a finger having 

Valleys and ridges is place, a bottom plane parallel to the 
imaging plane and a reflective plane intercepting the 
imaging plane and intercepting the bottom plane at an 
angle C. 

a light source for generating a light with an incident angle 
of approximately 0° with respect to a surface normal of 
the imaging plane; 
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a lens for capturing light reflected from the reflective plane; 
and 

an image sensor for generating an image of the Valleys and 
ridges of the finger, wherein the reflective plane is 
arranged in Such a way to meet the following equation; 

where n is a refraction index of medium filled between the 
Valleys of the finger and the imaging plane, and n is 
refraction index of the prism. 

2. The fingerprint image capturing apparatus of claim 1, 
wherein C. is approximately in the rage of 73° to 80°. 

3. The fingerprint image capturing apparatus of claim 1, 
wherein n is approximately equal to 1.33 for water, and n is 
approximately equal to 1.76 for the prism. 

4. The fingerprint image capturing apparatus of claim 1, 
further comprising a mirror placed between the lens and the 
image sensor. 

5. The fingerprint image capturing apparatus of claim 1, 
further comprising an adjusting means for tilting the reflec 
tive plane to change the value of C. 

6. The fingerprint image capturing apparatus of claim 5. 
wherein the adjusting means is a knob or screw. 

7. The fingerprint image capturing apparatus of claim 1, 
wherein the prism is made from glass. 

8. The fingerprint image capturing apparatus of claim 1, 
wherein the prism is made from plastic. 

c c c c c 


